Abstract: Simple synthetic methods for synthesis of trinuclear manganese(II) benzoate complexes having 8-aminoquinoline as ancillary ligand are reported. The crystal structure of two trinuclear manganese(II) complexes, [Mn 3 (2-NO 2 C 6 H 4 COO) 6 (AQ) 2 ] (I) and [Mn 3 (3-CH 3 C 6 H 4 COO) 6 (AQ) 2 ].NPD (II) is reported (where AQ = 8-aminoquinoline, NPD = 1,5 dihydroxynaphthalene). In solution, the degradation of trinuclear complex I leads to a dinuclear complex [Mn 2 (2-NO 2 C 6 H 4 COO) 4 (AQ) 2 (H 2 O) 2 ] (III) and structure of complex III is reported. A solution phase synthetic method for the synthesis of the dinuclear manganese(II) complex III is also reported. This complex has a Mn 2 O 2 bridge originating from the carboxylate ligand. Synthesis of a cadmium 2-nitrobenzoate co-ordination polymer [Cd(2-NO 2 C 6 H 4 COO) 2 (AQ)] n (IV) having eight co-ordination number is reported and its structure is explained as aggregation of multiple numbers of six coordinated mononuclear cadmium complexes.
INTRODUCT ION
Carboxylate ligands can bind to metal ions in several ways, such as monodentate, bidentate, bridging etc. These binding modes complicate selective synthesis of metal carboxylate complexes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . A general approach to rationalize selective synthetic procedures for polynuclear carboxylate complexes would require extensive structural study on carboxylate complexes prepared via different synthetic routes [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Retro-analysis of structures of polynuclear metal complexes provides information on the smallest mononuclear building blocks to form assemblies [26] . Such approach is applied to carboxylate complexes that are prepared through hydrothermal method. Comparison of structure of complexes prepared through solution route or some other related methods is essential to understand nucleation process. It is necessary to choose ligand that has versatility to form different types of metal complexes [27] [28] [29] [30] [31] [32] [33] . There is vast literature on mononuclear and polynuclear metal carboxylate complexes [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] 34] , thus the metal carboxylate complexes would be suitable for such study. The rationalization of the structural aspect through co-ordination capability of the metal ions can be another approach to standardize synthetic procedures. In this study the synthesis and structures of the trinuclear manganese complexes, and co-ordination polymer of cadmium having 8-aminoquinoline (AQ) are reported.
MATERIALS AND METHODS

Synthesis and Spectroscopic Properties of Complexes
[Mn 3 (2-NO 2 C 6 H 4 COO) 6 (AQ) 2 ] (I)
Manganese acetate tetrahydrate (0.245 g, 1 mmol) and 2-nitrobenzoic acid (0.334 g, 2 mmol) were mixed in a mor-*Address correspondence to this author at the Department of Chemistry, Indian Institute of Technology Guwahati, Guwahati 781 039 Assam, India; E-mail: juba@iitg.ernet.in tar and heated at 80 0 C in an oven for 20 min. The mixture was cooled and it was slowly added to a methanol solution of 8-aminoquinoline (0.288 g, 2 mmol in 10 ml) and stirred for five minutes. To this solution, toluene (5 ml) was added and a green homogeneous solution was obtained. The solution was kept for crystallization. After three days, dark brown crystals appeared (76% yield A mixture of manganese(II) acetate tetrahydrate (0.245 g, 1 mmol) and 3-methylbenzoic acid (0.272 g, 2 mmol) was taken in a mortar and powdered. The powder was heated at 80 0 C in an oven for 20 min. The mixture was then cooled and it was added to a methanol solution of 8-aminoquinoline (0.144 g, 1 mmol, 10 ml methanol) and stirred for five minutes. A toluene solution of 1, 5-naphthalenediol (1 mmol in 5 ml toluene) was added to this. 
[Cd(2-NO 2 C 6 H 4 COO) 2 (AQ)] n (IV)
Cadmium acetate dihydrate (0.266 g, 1 mmol) and 2-nitrobenzoic acid (0.334 g, 2 mmol) were mixed in a mortar and heated in an oven at 70 0 C for 30minutes. The mixture was then cooled and transferred to a round bottomed flask. To this, methanol (10 ml) and toluene (5 ml) was added and stirred. Then, 8-aminoquinoline (0.288 g, 2 mmol) was added and stirred for 30 min. The solution on standing for three days crystallises IV as light green crystals. Yield 80%. Elemental anal calcd for C 23 
X-Ray Crystallography
The X-ray diffraction data were collected at room temperature on a Bruker 3-circle diffractometer (Bruker Nonius SMART APEX 2) equipped with CCD area detectors, and using graphite-monochromated Mo K radiation ( = 0.71073 Å) from 60W micro focus Siemens Microsource with glass polycapillary optics. X-ray diffraction data for all the crystals were collected using Bruker SMART software. This software was also used for indexing and determining the unit cell parameters. The structures were solved by direct methods and refined by full-matrix least squares against F 2 for all data using SHELXTL software. All non-H atoms were refined by full-matrix least squares in the anisotropic approximation and the hydrogen atoms attached to these atoms are located on the difference Fourier maps and refined in the final structure in isotropic approximation. The crystal data of the structures of the compounds are listed in Table 1 .
RESULTS AND DISCUSSION
A solid phase reaction of manganese(II) acetate tetrahydrate with 2-nitrobenzoic acid followed by reaction with 8-aminoquinoline in solution gives a trinuclear manganese complex (Eqn 1). Similar reaction of benzoic acid, 3-methylbenzoic acid, 4-chlorobenzoic acid also gave trinuclear manganese complexes. However, in the case of 3-methylbenzoic acid and 4-chlorobenzoic acid we could crystallize the trinuclear complexes as co-crystal with 1,5-naphthalenediol. Since complexes are iso-structural of the structure of I and II, two representative structures of the complexes are given in Fig. (1) . In these complexes all the manganese centers are in distorted octahedral geometry. The central manganese (II) is coordinated to six oxygen atoms from the carboxylate ligands. The carboxylate ligands attached to the central metal atom are connected through two different types of bridges.
One of the bridges is conventional carboxylate bridge that is found in paddle wheel structures and other is through uniunidentate carboxylate bridge leading to Mn-O-Mn type of interactions. This type of carboxylate bridge occurs as complementing mode [2, 27] to chelating mode of carboxylate binding, associated with parent carboxylic unit to another metal ion. Two other manganese ions at the two ends of the trinuclear manganese complex are symmetric to each other and both has distorted octahedral environment. Such octahedral environments are generated by a chelating carboxylate and two oxygen of bridging carboxylates that are involved in bridging the central manganese. In addition to these the amino group and the nitrogen atom of 8-aminoquinoline coordinate to form five member chelate structure. Selected bond distances of I and II are shown in Table 2 In the complex I Mn1····Mn2 and Mn2····Mn2 distances are 3.63Å and 7.25Å respectively, whereas in the complex II the Mn1····Mn2 and Mn2····Mn2 distances are 3.58Å and 7.16Å, respectively. The large separations are indicative of very weak or no metal-metal interactions. Few manganese complexes of 8-aminoquinoline are known in literature [35] and it was suggested that the ligand becomes susceptible toward oxidation on complexation to manganese. In contrast, our complexes are stable in solid state. However, long standing of a methanol solution of I gave a dinuclear complex III with a composition [Mn 2 (2-NO 2 C 6 H 4 COO) 4 Fig. (1) . Structure of trinuclear manganese complex (a) I and (b) II (drawn with 20% ellipsoid probability and hydrogen atoms are omitted for clarity). Table  3 . The complex III has IR absorptions that clearly distinguish it from the IR of complex I. It has sharp absorption at 3410 cm -1 due to the terminal aqua ligands, such absorption is absent in trinuclear species. A large number of structural variations can be made in cadmium complexes by varying ligands [34] . We have found that the reaction of 8-aminoquinoline with cadmium(II)acetate and 2-nitrobenzoic acid (Eqn 2) formed a co-ordination polymer. The polymer [Cd(2-NO 2 C 6 H 4 COO) 2 (AQ)] n (IV) comprises of eight co-ordination geometry around cadmium ion as illustrated in Fig. (3, left) . The selected bond distances and bond angles are listed in Table 5 .
The
1 H NMR of the complex shows peaks of all the hydrogen atoms of the 8-aminoquinoline in different chemical shift positions. The structure is comprised of six-coordinated mono-nuclear units which recombine to form polynuclear eight co-ordination cadmium co-ordination polymer. The coordination polymer has bridging units that are formed through uni(unidentate) (Fig. 3, right) carboxylate bridges.
The cadmium-cadmium distances in the polymer are 4.09Å suggesting them to be far apart to have interactions between them. The mass spectrum of the cadmium complex in solution (water/acetonitrile /formic acid) shows mass of the mononuclear species at m/e 641.62. This m/e is attributed to a six-coordinate mononuclear cadmium complex (as illustrated in Fig. 3, right) having a water and acetonitrile ligand. The mass region of 632-644 m/e of the spectra has peaks at m/e 637, 638, 639, 640, 641 from different isomers of cadmium. Thus, clearly the co-ordination polymer of cadmium dissociates in solution to mononuclear complex.
In conclusion, we have shown that structural diversity in the carboxylate chemistry of manganese and cadmium arises from the combination of sub-units formed under various reaction conditions and thereby varieties in co-ordination complex can be obtained by varying synthetic procedure from solid-state and solution chemistry.
SUPPLEMENTARY MATERIALS
The CIF files of the structures reported here are deposited to Cambridge Crystallographic Database and have CCDC numbers 658029, 658030, 658834, 663358.
